RESURF LDMOS INTEGRATED STRUCTURE 



Field of the Invention 

The present invention relates to the field of 
electronic circuits, and, more particularly, to reduced 
surface field (RESURF) integrated circuits. 



5 Background of the Invention 

RESURF integrated circuits typically include 
power devices capable of withstanding relatively high 
voltages, typically n-channel lateral diffused metal 
oxide semiconductor (LDMOS) and/or lateral p-channel 

10 MOS transistors, which may respectively function with 
their sources or drains disconnected from ground. The 
ability to withstand a relatively high voltage of field 
effect complementary MOS (CMOS) lateral transistors 
such as, for example, n-channel LDMOS and p-channel MOS 

15 transistors, may be enhanced through the so-called 

RESURF effect. The RESURF effect is achieved by using 
a relatively thin epitaxial layer and by accurately 
controlling the diffusion implants to allow integration 
of lateral CMOS transistors capable of withstanding 

20 relatively high voltages. 

RESURF LDMOS structures are of particular 
interest because they offer a good compromise between 



specific resistance and breakdown voltage, reducing 
power dissipation as well as the thickness of silicon 
die. One important objective of designing an LDMOS 
RESURF structure is ensuring that the drain well region 
5 is completely depleted before critical electric fields 
develop corresponding to the gate oxide. 

To better understand the principle behind 
RESURF LDMOS structures, reference is now made to FIGS, 
la and lb. These figures illustrate two possible 

10 conditions of operation at different drain-source 
voltages (VDS) . The illustrated LDMOS structure 
includes a p-substrate 11, a drain well region 12 
having an opposite type of conductivity from the p- 
substrate, and a body region 13. The figures also show 

15 the junctions between the p-substrate 11 and drain well 
region 12 and between the drain well region and body 
region 13. 

A typical shape of the depletion regions of 
the two above noted junctions is illustrated in FIG. la 

20 where the source 14, the body region 13, and the gate 
are connected to a reference potential GND and a 
certain VDS voltage (e.g., VDS=20V) is applied to the 
drain. Under these operating conditions, the junctions 
are inversely biased because of the applied VDS 

25 voltage, and the respective depletion regions extend 
into the drain well region 12 down to a certain depth. 
By further incrementing the VDS voltage, as shown in 
FIG. lb (e.g., VDS=25V) , the depletion regions of the 
junctions between the substrate 11 and the drain well 

30 region 12 and between the drain well region and the 
body region 13 merge. This completely depletes the 
drain well region 12, thus producing the desired RESURF 
condition . 
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Under certain conditions of operation in 
which relatively high drain gate and source voltages 
are applied while keeping the substrate at ground GND 
(e.g., a high side driver) , the total depletion of the 
5 drain well region 12 may cause a punch-through (PT) 

phenomena between the body region 13 and the substrate 
11. For this reason, RESURF LDMOS structures are 
commonly used as low side drivers, i.e., operated with 
the source 14 and the substrate at ground potential. 
10 Yet, there is a need for a RESURF LDMOS structure 

capable of functioning as a high side driver without 
the drawbacks and limitations of known devices. 

Summary of the Invention 

It is an object of the present invention to 

15 provide a RESURF LDMOS structure that may be used at 
relatively high voltages with a reduction in punch- 
through problems. 

This and other objects, features, and 
advantages are provided by an anti punch-through (PT) 

20 region between the body and the drain well region which 
has the same conductivity type as the drain well region 
but is more heavily doped. More precisely, an 
integrated RESURF LDMOS structure according to the 
invention includes a first region (drain well region) 

25 of a first conductivity type in a semiconductor 

substrate. A body region of a second conductivity type 
is in a surface portion of the first region. The 
surface portion of the first region is preferably more 
heavily doped than the remainder of the first region. 

30 A source region of the first conductivity type is 

formed in the body region. For example, an n-channel 
RESURF LDMOS structure according to the invention may 
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include an n-type epitaxial layer having a thickness of 
about 3 i_im doped with phosphorous at a concentration of 
about 6*10 15 atoms cm" 3 , a body region doped with boron 
at a concentration of about 10 18 atoms cm" 3 , and a 
5 surface portion of the first region having a dopant 
concentration of about 5xl0 16 to 10 17 atoms cm" 3 . 

Brief Description of the Drawings 

The various aspects and advantages of the 
invention will become more apparent through the 

10 following detailed description and by referring to the 
details shown in the attached drawings, wherein: 

FIGS, la and lb are cross-sectional views 
illustrating the depletion regions in a traditional 
RESURF LDMOS structure according to the prior art at 

15 two different drain-source voltages (VDS) ; 

FIG. 2 is a cross-sectional view illustrating 
a traditional LDMOS structure according to the prior 
art and a cross-sectional view illustrating an LDMOS 
structure of the invention; 

20 FIG. 3a is a cross-sectional diagram 

illustrating potential lines occurring during operation 
of an LDMOS transistor as a low side driver according 
to the invention; and 

FIG. 3b is a cross-sectional diagram 

25 illustrating charge concentration distribution during 
operation of an LDMOS transistor as a high side driver 
according to the invention. 

Detailed Description of the Preferred Embodiments 

30 The present invention provides a relatively 

simple and effective solution to punch-through (PT) 
problems that normally limit the performance of known 



RESURF LDMOS structures when functioning as high side 
drivers. This is done without introducing substantial 
changes in the known RESURF LDMOS structure. The 
invention is directed to a RESURF LDMOS structure that 
5 includes a superficial or surface portion (or body 
buffer region) 15 of the drain well region 12 which 
surrounds the body region 13. The body buffer region 
15 is preferably more heavily doped than the remaining 
portion of the drain well region 12, as shown in FIG. 

10 2. In the drawings, like numbers are used throughout 
to refer to similar elements for clarity of 
illustration . 

By making the body buffer region 15 more 
heavily doped than the remainder of the drain well 

15 region 12, a significant enhancement of the RESURF 
LDMOS structure performance is achieved, especially 
when functioning as a high side driver at relatively 
high VDS voltages. As opposed to what occurs in the 
remainder of the drain well region 12, the body buffer 

20 region 15 is not completely depleted during operation. 
Thus, punch-through problems that restrict the 
conditions under which present LDMOS structures may 
safely be used are reduced. 

The principles upon which the RESURF LDMOS 

25 structure of the invention are based will be better 

understood with reference to FIGS. 3a and 3b. As shown 
in FIG. 3b, even if relatively high voltages are 
applied to the drain and source (typical of a high-side 
application) , the drain well region 12 will be 

30 completely depleted of its charge before the body 
buffer region 15 is depleted. This is due to the 
heavier doping of the body buffer region 15. This 
substantially prevents the occurrence of PT phenomena 



at relatively low voltages, which in turn enhances the 
performance of the structure of the invention under 
critical conditions of use. 

In practice, the presence of the body buffer 
5 region 15 increases the level of voltage that must be 
reached before punch-through results. On the other 
hand, it may lower the breakdown voltage (BV) . As 
such, the thickness and the doping level of the body 
buffer region 15 should be established to achieve the 

10 appropriate compromise between increasing the voltage 

level at which the punch-through may occur and ensuring 
a sufficiently high breakdown voltage. These 
parameters of the body buffer region 15 may be 
accurately established at the design stage so that only 

15 negligible or tolerable reductions of the breakdown 
voltage are introduced. 

The following tables provide exemplary 
fabrication process parameters according to the 
invention. Table 1 is for an integrated n-channel 

20 RESURF LDMOS of the invention in a p-type epitaxial 
layer and Table 2 is for a p-channel RESURF LDMOS 
structure in an n-type epitaxial layer. 



TABLE 1 



Region 


Dopant 


Thickness 
[um] 


Doping [Atoms 
cm" 3 ] 


p-body (conductivity 
"P") 


boron 


0.25-0.75 


5xl0 17 -5xl0 18 


body-buffer 
(conductivity "N" ) 


phosphorous 


0 . 15-0 .45 


5xl0 16 -5xl0 17 


drain well region 
(conductivity "N" ) 


phosphorous 


1 . 5-4 . 5 


2.5xl0 15 -2.5xl0 16 



TABLE 2 



region 


Dopant 


Thickness 
[ym] 


Doping [Atoms 
cm" 3 ] 


n-body (conductivity 


phosphorous 


0.25-0.75 


5xl0 17 -5xl0 18 


"N" ) 








body-buffer 


boron 


0.15-0.45 


5xl0 16 -5X10 17 


(conductivity "P") 








drain well region 


boron 


1 . 5-4 . 5 


2 . 5xl0 15 -2 . 5xl0 16 


(conductivity "P") 









FIG. 3a shows a possible distribution of the 
10 potential lines in the structure of the invention 

operating as a low side driver, i.e., with the source 
14 and the substrate 11 connected to ground and a 
positive voltage applied to the drain. The body buffer 
region 15 is preferably designed to become completely 
15 depleted (due to the inverse biasing of the junction 
between the body and the drain well region 12) before 
breakdown conditions are reached. Hence, when the 
drain voltage assumes values close to those of the 
expected breakdown voltage, the depletion regions of 
20 the inversely biased junctions extend into the body 

buffer region 15 and into the drain well region 12, as 
shown in FIG. 3a, thus resulting in the RESURF 
condition . 



